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1. 采用氢氧化物共沉淀预处理高温固相烧结法合成 LiNi1/3Mn1/3Co1/3O2 正极材料，
并对其合成条件进行了优化。首先对不同沉淀温度下所制备的沉淀为前驱体合成的正极
材料的结构和电化学性能进行了表征和测试。发现控制沉淀温度为 20oC 下合成的正极
材料具有最好的电化学性能。然后用该方法合成了一系列具有不同 Li:( Ni+ Mn + Co)比
例的锂离子电池正极材料 LixNi1/3Mn1/3Co1/3O2，并通过 X 射线衍射等手段对其结构、组
成进行了表征和测试。采用 CR2025 型扣式电池对样品在不同倍率电流下充放电的电化
学性能进行了测试。高温 900oC 的煅烧会造成少量的 LiOH 损失，合成时应适当提高原
始反应物中锂盐的比例。在电流密度为 18 mA/g，电压区间为 2.0 ~ 4.6 V 的条件下充放
电时，综合容量和循环性能等因素来考虑，Li1.08Ni1/3Mn1/3Co1/3O2 材料具有较好的电化







xLi[Li1/3Mn2/3]O2(1-x)Li[Ni1/3Mn1/3Co1/3]O2 (0 ≤ x ≤ 0.9) 系列正极材料在电流密度为 18 
mA/g,电压区间为 2.0～4.8 V 的条件下进行充放电测试，具有较高的放电比容量，其中，













摘          要 
A-2 
XRD、ex-situ XPS 等方法初步研究了 xLi[Li1/3Mn2/3]O2(1-x)Li[Ni1/3Mn1/3Co1/3]O2 (0 ≤ x ≤ 
0.9)系列正极材料的嵌脱锂机理，并推测该系列正极材料中，Li[Li1/3Mn2/3]O2 组分中的
Mn4+经高电位下充放电后具有电化学活性，在放电过程中 3.6(5) V～2.0 V 之间的放电
容量与 xLi[Li1/3Mn2/3]O2(1-x)Li[Ni1/3Mn1/3Co1/3]O2 (0 ≤ x ≤ 0.9)材料中由 Li[Li1/3Mn2/3]O2
组 分 中 的 Mn4+ → Mn3+ 伴 随 的 Li+ 嵌 入 所 引 起 的 容 量 相 近 。
0.6Li[Li1/3Mn2/3]O20.4Li[Ni1/3Mn1/3Co1/3]O2 正极材料在电压区间为 2.0 ～ 4.8 V, 电流密
度为 90 mA/g 的条件下进行充放电测试，仍能保持良好的循环性能，经 100 次循环后放
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Abstract 
Synthesis, Structure and Performance of Li-Ni-Co-Mn-O Compounds as Cathode 
Materials for Lithium Ion Batteries 
 
Li-Ni-Co-Mn-O compounds, especially LiMn1/3Ni1/3Co1/3O2, are promising candidates 
of cathode materials for lithium ion batteries because of higher capacity, lower material cost 
than LiCoO2 and good thermal stability. In this study, many research methods such as 
structure analysis, surface analysis and electrochemical tests were applied to study the 
synthetic methods, structure and electrochemical behavior of prepared materials. We 
successfully synthesized lithium nickel cobalt manganese oxides cathode materials with 
excellent electrochemical behavior and reached the target of research project.  
The main results are summarized as following: 
1. In this study, a series of LiNi1/3Mn1/3Co1/3O2 were synthesized by a combined 
hydroxides co precipitation and calcination method. The samples were characterized and 
tested by means of XRD and electrochemical methods. Effects of synthesized temperature of 
coprecipitations and the Li:M ratios on structure and electrochemical performance of the 
materials were studied. The results showed that materials synthesized with coprecipitation at 
room temperature (~20 oC) delivered the best electrochemical performance. Another series of 
cathode materials LixNi1/3Mn1/3Co1/3O2 with different Li:M ratios were synthesized with this 
method. The results showed sintering at 900 oC could cause loss of LiOH, thus more LiOH in 
the precursors should be added. It was demonstrated that Li1.08Ni1/3Mn1/3Co1/3O2 showed the 
best electrochemical performance with initial discharge capacity of 194 mAh/g. 
2. Compared with layered Li-Ni-Co-Mn-O cathode materials, lithium-rich layered 
cathode materials like xLi2MnO3(1-x)LiMO2 and xLi2MnO3(1-x)LiM2O4 which contain 
Li2Mn2O3 component can deliver higher capacity, but the electro conductivity is relatively low, 
the irreversible capacity of the first cycle is high. In this work, we synthesized a series of 
xLi[Li1/3Mn2/3]O2(1-x)Li[Ni1/3Mn1/3Co1/3]O2 (0≤x≤0.9) by a combined hydroxides co 
precipitation and calcination method. Structure, morphology and electrochemical 













摘          要 
A-4 
showed that the as-prepared materials could deliver high specific capacity when charged and 
discharged between 2.0-4.8 V, at the current of 18 mA/g, the sample with x=0.6 delivered the 
highest capacity (about 250 mAh/g) and performed the best capacity retention. Charging and 
discharging in different potential range, ex-situ XRD, ex-situ XPS were applied to study 
lithium insertion mechanism of 0.6Li[Li1/3Mn2/3]O20.4Li[Ni1/3Mn1/3Co1/3]O2. It was proposed 
that the Mn4+ in Li[Li1/3Mn2/3]O2 component became electrochemically active when charged 
at high potential. When 0.6Li[Li1/3Mn2/3]O20.4Li[Ni1/3Mn1/3Co1/3]O2 material was cycled at 
90 mAg-1 ， it can deliver 180 mAhg-1 even after 100 cycles. TiO2-coated 
0.6Li[Li1/3Mn2/3]O20.4Li[Ni1/3Mn1/3Co1/3]O2 was studied, it was demonstrated that TiO2 can 
prevent the reaction between electrolyte and electrode and resulted in a lower irreversible 
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第一章 
















锂离子电池的研究 早始于 20 世纪 60-70 年代的石油危机。商用锂离子电池是在
锂金属二次电池的基础上发展起来的新型二次电池。加拿大 Moli Energy 公司在 1987
年向市场推出 Li-MoS2锂金属二次电池，然而，1989 年 8 月该电池在日本电信电话公司
汽车移动电话上发生的起火事故使锂金属二次电池几乎与危险品划上了等号。日本
Sony 公司在 1990 年研制出采用石墨结构的碳材料代替金属锂作为负极，以 LiCoO2 为
正极的第一个商品锂离子电池[1]，自此揭开了锂离子电池研究和应用的新篇章。锂离子
电池具有以下突出的优良特性[2, 3]：[1]工作电压高：商品锂离子电池的工作电压为 3.6 
V，是 Ni-Cd、Ni-MH 电池的三倍; [2]比能量大：锂离子电池的比能量已经达到 180 






























































































x C 6 LiMO2
































为负极，其实际比容量约在 200 mAh/g 左右，而 Sanyo 公司直接采用了一种天然石墨材





(0.01~0.2 V vs. Li+/Li )，可为锂离子电池提供高的平稳的工作电压[6,7]。由于石墨嵌
锂化合物可以达到理论形式 LiC6，其容量高（理论容量 372 mAh/g），不可逆容量损失
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